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PROBLEM TO BE SOLVED: To lower the polarization resistance of 
an interface between a solid electrolytic substance and an air 
electrode. 

SOLUTION: In a solid electrolyte fuel cell having an air electrode layer 
in one side of a solid electrolyte layer 30 and a fuel electrode layer in 
the other side, ceramic particles of the air electrode layer are made to 
have smaller average crystal particle size in a region within 300jxm 
from the surface of the solid electrolyte layer 30 side than that in a 
region deeper than 300(im. In the case, Rs represents the average 
crystal particle size of ceramic particles in a region within 300|xm from 
the surface of the solid electrolyte layer 30 side and Rp represents the 
average crystal particle size of ceramic particles in a region deeper 
than 300|4,m, it is preferable for Rs and Rp to satisfy Rs/Rp=0.05-0.8. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] a solid oxide fuel cell eel to which it is an air pole layer and the solid oxide fuel cell eel in which were 
resembled on the other hand and a fuel electrode layer was formed, and said air pole layer is characterized by a 
diameter of average crystal grain of a ceramic particle in a field with a depth of less than 300 micrometers being 
smaller than a diameter of average crystal grain of a ceramic particle in a field deeper than a depth of 300 micrometers 
from the surface by the side of said solid electrolyte layer at one side of a solid electrolyte layer. 
[Claim 2] A solid oxide fuel cell eel according to claim 1 with which it is satisfied of relation of Rs/Rp=0.05-0.8 when 
a diameter of average crystal grain of a ceramic particle [ in / for a diameter of average crystal grain of a ceramic 
particle in a field with a depth of less than 300 micrometers / Rs and a field deeper than a depth of 300 micrometers ] is 
set to Rp from the surface by the side of a solid electrolyte layer. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to an air pole layer and the solid oxide fuel cell 
eel which it is alike on the other hand, a fuel electrode layer is formed, and fuel gas is circulated to an air pole layer and 
fuel electrode layer side, and is generated at one side of a solid electrolyte layer. 
[0002] 

[Description of the Prior Art] Although the ceramic material is conventionally used for all uses from the various 
functions nature, the ceramics of electrical conductivity is used in the field which cannot be used as what is replaced 
with the metallic material which is a right conduction material with the metal simple substance as one of them. The use 
as a solid oxide fuel cell eel is most expected also in it. Before, since the operating temperature is about 1000 degrees C 
and an elevated temperature, a solid oxide fuel cell eel has high generating efficiency, and is expected as a fuel cell of 
the third generation. 

[0003] Generally, as a fuel cell eel, two kinds of fuel cell eels, cylindrical and a plate mold, are known. Although a 
plate mold fuel cell eel has the features that power density is high, per unit volume of a generation of electrical energy, 
on the occasion of utilization, there are problems, such as gas-seal incompleteness and the heterogeneity of the 
temperature distribution in a cel. Since there are the features that the mechanical strength of a eel is high and the 
homogeneity of the temperature in a eel can be maintained in a cylindrical fuel cell eel to it although power density is 
low, utilization is expected very much. 

[0004] The single eel of a cylindrical fuel cell is the CaO stabilization Zr02 of about 40% of rates of an open pore, as 
shown in drawing 2 . It considers as a hanger tube 1 . It is LaMn03 as a porous air pole layer 2 by the slurry dip method 
on it. A system material is applied, that surface - a vapor phase synthetic method (EVD) - Y2 03 [ or ] which is the 
solid electrolyte layer 3 by the spraying process Stabilization Zr02 A film is covered, and the fuel electrode layer 4 of 
porous nickel-zirconia is further formed in this surface, and it is constituted. 

[0005] Setting to the module of a fuel cell, each ** eel is LaCr03. It connects through the interconnector 5 of a system. 
Current collection is performed to this interconnector by contacting nickel felt or nickel board. Moreover, a generation 
of electrical energy is performed [ the interior 6 of a hanger tube / air / (oxygen) ] at a sink and the temperature of 
1000-1050 degrees C in a fuel (hydrogen) to the exterior 7. LaMn03 which is an air pole material in order to simplify a 
process in the production process of this eel production in recent years The attempt which uses a system material as a 
direct porous hanger tube is made. As a hanger-tube material having the function as an air pole, it is LaMn03 which 
replaced La by calcium or Sr of 10 - 20 atom %. The solid-solution material is used. 

[0006] Moreover, using the same material system as cylindrical, in the porous air pole layer 9, the porous fuel electrode 
layer 10 is formed and the single eel of a plate mold fuel cell is constituted by the upper surface of the solid electrolyte 
layer 8 on the inferior surface of tongue, as shown in drawing 3 . LaCr03 of the substantia compacta which added 
MgO called a separator 11 to connection between single eels, and CaO A solid-solution material is used. Air (oxygen) 
is supplied to the air pole side of a eel, it supplies a fuel (hydrogen) to a fuel electrode side, and a generation of 
electrical energy is performed at the temperature of 1000-1050 degrees C. 
[0007] 

[Problem(s) to be Solved by the Invention] However, the rate of an open pore is set, and the above-mentioned air pole 
layers 2 and 9 enlarge particle diameter, and generally they are setting pore size to 1-5 micrometers 20 to 45% in order 
to enlarge permeability of oxygen content gas. In such structure, since a touch area with the excellent thing solid 
electrolyte layers 3 and 8 became small, the polarization resistance in a solid electrolyte / air pole interface became 
large, and as a result, the problem that the output of a fuel cell eel was low had the permeability of gas. 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_ejje 



1/7/04 



Page 2 of 2 

[0008] Therefore, this invention reduces the polarization resistance in an air pole layer interface, without losing the 
permeability of gas, and aims at offering the solid oxide fuel cell eel of the high performance by which the electrode 
engine performance was stabilized. 
[0009] 

[Means for Solving the Problem] As a result of repeating examination to the above-mentioned problem, this invention 
persons a diameter of average crystal grain of a ceramic particle in a field with a depth of less than 300 micrometers 
from the surface by the side of a solid electrolyte layer of an air pole layer By making it relatively smaller than a 
diameter of average crystal grain of a ceramic particle in a field deeper than a depth of 300 micrometers, it found out 
that polarization resistance in a solid electrolyte / air pole interface could be reduced, without losing the per meability of 
gas in an air pole layer, and resulted in this invention. 

[0010] that is, solid oxide fuel cell eels of this invention are an air pole layer and a solid oxide fuel cell eel in which 
were resembled on the other hand and a fuel electrode layer was formed, and are characterized by being smaller than a 
diameter of average crystal grain of a ceramic particle in a field where a diameter of average crystal grain of a ceramic 
particle [ in / in said air pole layer / a field with a depth / the surface by the side of said solid electrolyte layer to / of 
less than 300 micrometers ] is deeper than a depth of 300 micrometers at one side of a solid electrolyte layer. It is 
desirable to satisfy relation of Rs/Rp=0. 05-0.8 here, when a diameter of average crystal grain of a ceramic particle [ in / 
for a diameter of average crystal grain of a ceramic particle in a field with a depth of less than 300 micrometers / Rs 
and a field deeper than a depth of 300 micrometers ] is set to Rp from the surface by the side of a sohde lectrolyte layer. 

[0011] 

[Function] The rate of an open pore is set, and the conventional air pole layer enlarges particle diameter, and generally 
it is setting pore size to 1-5 micromet ers 20 to 45% in order to enlarge permeability of oxygen content gas als o with 
cylindrical and a plate mold fuel cell cel. In such structure, since what excellent and particle diameter are large, and 
there are few three-phase-circuit interfaces with a solid electrolyte / air pole / gas, polarization resistance becomes 
large, and as a result, the permeability of gas has the low output of a fuel cell cel. 

[0012] In this invention, die diameter of average crys tal grain of the ceramic p article in a field with a depth of less than 
300 micrometers frornTEe surface by the side of the solid electrolyte layer of an air pole layer By making relatively the 
diameter of average crystal grain of the ceramic particle in a field with a depth of less than 300 micrometers smaller 
than the diameter of average crystal grain of the ceramic particle in a field deeper than a depth of 300 micrometers from 
the surface by the side of a solid electrolyte layer The polarization resista nce in a solid electrolyte / air pole interface 
can be reduced wit hout losing the permeability of the gas in an air pole la yer. Since such a formation method of the air 
pole "layer or structure can be easily performed by not needing special equipment but applying a conventional slurry dip 
method and a conventional doctor blade method, it is very economical. 

[0013] Mo reover, while improving the p ermeability of the gas in an air pole layer further in satisfying the relation of 
Rs/Rp=ti703-0.8 ifthe diameter ot average crystal gram of a ceramic particle [ in / for the diameter of average crystal 
grain of the ceramic particle in a field with a depth of less than 300 micrometers / Rs and a field deeper than a depth of 
300 micrometers ] is set to Rp from the surface by the side of a solid electrolyte layer, the polarization resistance in a 
solid electrolyte / air pole interface can be reduced further. 
[0014] 

[Embodiment of the Invention] For the solid oxide fuel cell eel of this invention, an air pole layer is a field (it is 
hereafter called the diameter field of a granule.) with a depth [ a contact side with a solid electrolyte layer to ] of 300 
micrometers. The field where fuel gas other than this field circulates easily (it is hereafter called the diameter field of a 
large drop.) from — while becoming, the diameter of average crystal grain of the ceramic particle in a field with a depth 
of less tha n 300 micrometers is characterized by being smaller tha n the diameter of average crystal grain of the ceramic 
particle in^a field deeper than a depth o f 300 micr om eters from the surface by the side of a solid electrolyte layer. 
[0015] InThe air pole layer, the diameter ot average crystal grain limited the field (diameter field of a granule) smaller 
than the diameter field of a large drop for the permeability of gas becoming small and the power density of a eel 
declining with a depth of less than 300 micrometers from the solid electrolyte / air pole interface, when the field where 
this diameter of average crystal grain is small exceeded a depth of 300 micrometers from the contact side with a solid 
electrolyte layer. Especially a desirable range is 5-50 micrometers. 

[0016] Moreover, when the diameter of average crystal grain of the diameter field of a large drop which is a field of Rs 
and others about the diameter of average crystal grain of the diameter field of a granule is set to Rp, the range with 
which are satisfied of Rs/Rp=0. 05- C18 is desirable. If this Rs/Rp becomes smaller than 0.05, the reactivity of an air pole 
layeTand a solid electrolyte layer will become large, and if Rs/Rp exceeds 0.8, polarization resistance will become 
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large, and in any case, the power density of a eel declines. Especially a desirable range is Rs/Rp=0.3-0.6. As for the air 
pole material of this invention, what the general formula of the main crystal phase is expressed with z (Am Bl-m) Ox 
(Mnl-n Cn) (x is 3**delta) to is desirable. At least one sort of elements with which A was chosen from the group of Y 
and rare earth elements here, At least one sort of elements with which B was chosen from the group of the alkaline 
earth element of calcium, Ba, and Sr, C is at least one sort of elements chosen from the group of nickel, Co, Fe, Cr, Ce, 
and Zr, and it is desirable that m, n, and z in a formula satisfy 0. 10<=m<=0.90, 0<=n<=0.50, and 0.80<=z<=1.10. 
[0017] If the reason which limited m, n, and z to the above-mentioned range as a material of an air pole layer has the 
substitute ratio m of calcium, Sr, and Ba which are an alkaline earth element to the rare earth elements of Y, and Yb, 
Sc, Er, Nd, Gd, Dy, Sm, Pr and Ce smaller than 0.10, there will be orientation for electrical conductivity to become 
small and the function as an electrode material will fall. Moreover, it is to promote sintering, if m is larger than 0.90, 
and for an electrode to carry out eburnation in a long duration generation of electrical energy at 1000 degrees C, and for 
the electrode engine performance to fall. 

[0018] Moreover, the air pole material of this invention is AB03 as shown in said general formula. Although the mold 
perovskite mold crystal structure is presented and the same result is obtained for the rate z of an atomic ratio of A site 
of this crystal, and B site also in the indeterminate ratio system to 0.80, this is because that lattice defect structure is 
similar to the stoichiometric system, however — if this z becomes smaller than 0.8 » Mn 203 etc. -- it is for a deposit of 
the 2nd component to take place, to promote sintering, and for the electrode engine performance to fall. Moreover, if 
the substitute ratio n of nickel, Co, Fe, Cr, Ce, and Zr to Mn exceeds 0.50, a degree of sintering will worsen, and if it is 
not 1650 degrees C or more in temperature, since sintering is difficult, it will become disadvantageous economically. In 
the above-mentioned empirical formula, the desirable ranges of m, n, and z are 0.40<=m<=0.60, 0<=n<=0.20, and 
0.95<=z<=1.00. 

[0019] Moreover, the air pole of this invention may consider an above-mentioned perovskite mold crystal as the main 
crystal, and the oxide containing the oxide which consists of rare earth elements of Yb, Sc, Er, Nd, Gd, Dy, Sm, Pr, and 
Ce except Y and La as the 2nd crystal phase, and Zr, Ti, nickel and Cr may carry out distributed content at 1 - 5% of 
the weight of a rate preferably especially 0.01 to 10% of the weight. Contraction by sintering of the air pole under 
generation of electrical energy can be controlled by containing these oxides. 

[0020] In the portion which is several 10-500nm in magnitude, and is called the neck of 3 importance to 2 particle 
interface, especially if the 2nd crystal phase exists in the magnitude of 0. 1-5 micrometers, it is effective. Although the 
2nd crystal phase may dissolve the main crystal component a little, if the crystal structure does not change, there is 
especially no problem. Moreover, a part of 2nd crystal phase is YMn03 and YbMn03 by baking conditions. Although 
it may deposit with a multiple oxide [ like ], if the range of the above [ a presentation and ratio of the main crystal 
phase and the 2nd crystal phase ] is satisfied, there will be especially no problem. 

[0021] Furthermore, as for especially the air pole of this invention, it is desirable for 1000 ppm or less of total of the 
content of aluminum and Si to be 600 ppm or less in metal conversion as an impurity. Electrical conductivity falls and 
this stops achieving a function as an air pole, when total of the content of aluminum and Si exceeds 1000 ppm. 
[0022] Next, the production method of the air pole layer of this invention is explained. The air pole layer of this 
invention consists of a diameter field 3 1 of a granule which has a small diameter of crystal grain with a depth of 300 
micrometers or less from a contact side with the solid electrolyte layer 30, and a diameter field 33 of a large drop where 
it has big crystal particle diameter more relatively than this diameter field 3 1 of a granule, and fuel gas circulates, as 
shown in drawing 1 . 

[00231 ^Ehe,diameter fie ld 3 1 of a granule may be constituted even if constituted from a crystal which consists of the 
same particle diameter, or so that crystal particle diameter may be gradually made small toward the solid electrolyte 
layer 30. Also in which method, it is necessary to make the diameter of average crystal grain of the diameter field 31 of 
a granule smalle r than t he diameter field 33 of a large drop of other portions. 

[0024] When the diameter of average crystal grain of the ceramic particle of Rs and the diameter field 33 of a large 
drop is set to Rp for the diameter of average crystal grain of the ceramic particle of the diameter field 3 1 of a granule, it 
is desirable to satisfy the relation of Rs/Rp=0.05-0.8. It is desirable to satisfy the relation of Rs/Rp=0.3-0.6 from the 
permeability of gas and a viewpoin t of polarization especially. 

[0025fThe air pole material of this invention uses as a start raw material the oxide of the metal component expressed 
with said general formula, a carbonari on object, a hydroxide, etc., and they carry out preferential grinding by the 
method of common knowledge of this, such as a ball mill and a vibration mill, and in atmospheric air or the inert 
atmosphere of Ar middle class, at 1000-1500 degrees C, temporary quenching of it is carried out for 1 to 5 hours, and it 
is obtained. In the above-mentioned manufacture method, a raw material with few aluminum and the amounts of Si as 
raw material powder is chosen, and also about the media in the case of mill mixing and grinding, it is desirable to use 
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the container and ball made from a zirconia or a magnesia so that mixing of aluminum and Si may decrease as much as 
possible. 

[0026] Yb, Sc, Er, Nd except Y and La which form the 2nd crystal phase, About the oxide containing the oxide which 
consists of rare earth elements of Gd, Dy, Sm, Pr, and Ce, and Zr, Ti, nickel and Cr After compounding the oxide 
which may add in a start raw material in the form of an oxide, a carbonation object, a hydroxide, etc. beforehand, or 
consists of a perovskite crystal, you may add so that it may become the predetermined amount of deposits. 
[0027] The cylindrical solid oxide fuel cell eel of this invention First, two kinds of slurries which distributed as a 
solvent the powder which has a different particle size for water etc. are produced. After dipping the hanger tube of non- 
electronic conduction nature by porosity into the slurry which has a large particle size, by dipping a hanger tube and 
being burned into the slurry which has a small particle size, sequential formation of the diameter field of a large drop 
and the diameter field of a granule is carried out on the surface of a hanger tube, and an air pole is formed on the 
surface of a hanger tube. 

[0028] Instead of dipping into a slurry, the diameter field of a large drop and the diameter field of a granule may be 
formed one by one by the spraying process on the surface of a hanger tube. 

[0029] Moreover, by producing two kinds of green sheets which have particle size which is different with a doctor 
blade method as other methods, after carrying out the laminating of the green sheet which has a large particle size to the 
surface of said hanger tube, by carrying out the laminating of the green sheet which has a small particle size, and 
calcinating it, sequential formation of the diameter field 33 of a large drop and the diameter field 3 1 of a granule may 
be carried out on the surface of a hanger tube, and an air pole 30 may be formed in it. In this case, coincidence baking 
may be carried out after carrying out the laminating of the green sheet which forms a solid electrolyte layer in the 
surface of the green sheet which forms the diameter field 3 1 of a granule. This method is excellent from the economical 
field. 

[0030] Furthermore, after forming the bulk object or Plastic solid which forms the diameter field of a large drop by 
extrusion molding or press forming as other methods, it is obtained dipping this bulk object or Plastic solid into the 
slurry which has a particle size smaller than such particle size, or by carrying out the laminating of the green sheet 
which has a particle size smaller than such particle size to the surface of a bulk object or a Plastic solid, and calcinating 
it on it. Also in this case, coincidence baking may be carried out after carrying out the laminating of the green sheet 
which forms a solid electrolyte layer, as described above. 

[0031] It sets to this invention and the diameter field 33 of a large drop is excellent in fee U5 m icrometers of the ranges 
of 1 .5-3 micrometers especially as average pore size 20 to 45% as a rate of . open pore'from a penetrable viewpoint of 
gas. " 

[0032] The manufacture method of the solid oxide fuel cell eel of this invention is explained in full detail, a cylindrical 
fuel cell eel as the solid oxide fuel cell eel of this invention indicated to be to drawing 2 - 10-20 mol %CaO or 8-20 
mol %Y2 03, and Yb 203 Zr02 of content from - the air pole of this invention is formed in the surface of the hanger 
tube of non-electronic conduction nature by the becoming porosity. Or the air pole which has a function as a hanger 
tube is formed, without forming a hanger tube. This method is economical. Formation of an air pole is formed in the 
porous hanger-tube surface by the above-mentioned methods, such as an above-mentioned slurry DIP and a spraying 
process. 

[0033] Then, 8-20 mol %Y2 03 and Yb 203 Zr02 of content Are and it is. 8-20 mol %CaO or Y2 03, and Yb 203, 
Nd 203 and Gd 203 the solid electrolyte layer of content - a vapor phase synthetic method » or a spraying process - 
forming - further - the surface - as a fuel electrode layer - 60 - 90-% of the weight nickel **** Zr02, and Ce02 It 
produces by forming a cermet. 

[0034] Moreover, as described above, an air pole layer is produced with a green sheet, or it produces by extrusion 
molding and the press-forming method, and the laminating of the green sheet which forms a solid electrolyte layer in 
this surface is carried out, and it is obtained even if it carries out coincidence baking. 

[0035] On the other hand, a plate mold eel is obtained by performing after-backing attachment which produced the fuel 

electrode for the air pole by screen-stencil etc. in the field of another side to one field on the surface of a solid 

electrolyte produced by the extrusion-molding method, the doctor blade method, and the press-forming method using 

the same material as a cylindrical cel. 

[0036] 

[Example] 

La0.9 calciumO.l Mn03 whose diameter of average crystal grain of 99.9% or more of example 1 purity is 0.1-10 
micrometers, La0.6 Y0.1 calciumO.3 Mn03, Nd0.9 SrO.l Mn03, Y0.9Sr0.1 Mn03, and Y0.9 calciumO.l Mn03 Each 
powder, 10 mol %Y2 03 The Zr02 powder (YSZ) to contain and Zr02 which contains nickel 80% of the weight 
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Powder (10 mol %Y2 03 content) was prepared, respectively, water was added to these, and each slurry was produced. 



[0037] First, the slurry using YSZ powder was fabricated, it calcinated at 1500 degrees C for 3 hours, and the solid 
electrolyte layer with a diameter [ of 30mm ] and a thickness of 0.3mm was produced. La0.9 calciumO. 1 Mn03 whose 
diameter of average crystal grain is 0.1-10 micrometers at one side of this solid electrolyte layer, La0.6 Y0.1 
calcium0.3 Mn03 and Nd0.9 SrO. 1 Mn03, Y0.9 SrO.l Mn03 and Y0.9 calciumO. 1 Mn03 The slurry using powder It 
applies so that the diameter field of a granule may become the diameter of average crystal grain and thickness which 
are shown in the table 1 after heat treatment, after [ moreover, ] heat-treating the slurry using the Zr02 powder (10 mol 
%Y2 03 content) which contains nickel 80% of the weight to other fields -50 micrometers - thickness - it applied 
like, and among atmospheric air, it heat-treated for 1 hour, and could be burned at 1 100 degrees C, and the diameter 
field of a granule and the fuel electrode were formed, respectively. 

[0038] La0.9 calciumO. 1 Mn03 whose diameter of average crystal grain is furthermore 10 micrometers in the surface 
of the diameter field of agranule of an air pole, La0.6 Y0.1 calciumO.3 Mn03, Nd0.9 SrO.l Mn03, andY0.9Sr0.1 
Mn03 It applies so that it may become the thickness which shows the slurry using powder in a table 1. It could be 
similarly burned at 1 100 degrees C for 1 hour, the diameter field of a large drop where crystal particle diameter is big 
was formed, and the solid oxide fuel cell eel of a plate mold was produced. 

[0039] Then, oxygen was passed to the air pole side, hydrogen was passed to the fuel electrode side, and it generated 
electricity at 1000 degrees C, and asked for that power density. Moreover, the diameter of average crystal grain and 
thickness were measured using the scanning electron microscope. A result is shown in a table 1. 
[0040] 
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[0041] sample No. to which the field (thickness of the diameter field of a granule) where crystal particle diameter is 
smaller than this table 1 exceeds 300 micrometers — power density is low at 9 and 23. Moreover, power density of 16 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



1/7/04 



Page 6 of 6 

,„ 

was low similarly in sample No. 1 whose ratio Rs/Rp of particle diameter is 1. On the other hand, it turns out that all 
this invention articles show high power density. 

[0042] La0.9 calciumO. 1 Mn03 whose example 2 above-mentioned mean particle diameter is 10 micrometers, La0.6 
Y0.1 calcium0.3 Mn03, and Nd0.9 SrO.l Mn03 The slurry was produced having used water as the solvent for powder, 
and the cylindrical Plastic solid which serves as a diameter field of a large drop so that the thickness after sintering may 
serve as a bore of 13mm, an outer diameter of 1 6mm (thick about 3mm), and a length of 200mm by the extrusion- 
molding method was produced. 

[0043] Moreover, La0.9 calciumO.l Mn03, La0.6 Y0.1 calcium0.3 Mn03, and Nd0.9 SrO.l Mn03 Water was used as 
the solvent for powder, the slurry was produced, the green sheet for the diameter fields of a granule used as thickness as 
the thickness after sintering shows in a table 2 with a doctor blade method was produced, and the laminating of this was 
twisted and carried out to said cylindrical Plastic solid. 

[0044] Zr02 which similarly contains nickel 80% of the weight with YSZ powder By the slurry using powder (10 mol 
%Y2 03 content), the glee sheet with a thickness of 100 micrometers was produced with the doctor blade method, 
respectively, it twisted on the green sheet for said diameter fields of a granule, the laminating was carried out, the 
cylindrical layered product was produced, this was calcinated at 1500 degrees C among atmospheric air for 2 hours, 
and the cylindrical fuel cell eel was produced. Then, oxygen was passed to the air pole side, hydrogen was passed to the 
fiiel electrode side, and it generated electricity at 1000 degrees C, and asked for that power density. The result is shown 
in a table 2. 
[0045] 
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[0046] Sample No.31 to which the field where crystal particle diameter is small exceeds 300 micrometers have power 
density lower than this table 2. Moreover, sample No. 33 whose ratio Rs/Rp of particle diameter is 1 had low power 
density. All the samples of this invention showed the outstanding power density to it. 
[0047] 

[Effect of the Invention] In the solid oxide fuel cell eel of this invention, without losing the permeability of the gas in 
an air pole layer by making relatively the diameter of average crystal grain of the diameter field of a granule 300 
micrometers or less smaller than other portions (diameter field of a large drop) from a contact side with a solid 
electrolyte layer, an air pole layer can reduce the polarization resistance in a solid electrolyte / air pole interface, and 
can improve power density. 

[0048] Moreover, since such a formation method of an air pole can be easily performed by not needing special 
equipment but applying the conventional slurry dip method and the doctor-blades method, it is very economical. 
[0049] And while improving the permeability of the gas in an air pole layer further in satisfying the relation of 
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Rs/Rp=0.05-(X8 if the diameter of average crystal grain of the ceramic particle of Rs and the diameter field of a large 
drop is set to Rp for the diameter of average crystal grain of the ceramic particle of the diameter field of a granule, the 
polarization resistance in a solid electrolyte / air pole interface can be reduced further. 

[Translation done.] 
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